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Our Vision
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A Scalable Quantum Computer
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Challenges
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Constant voltages Microwave pulses Read -out
A Stability <1 7V A Frequency >5 GHz A Noise <100 pV/ 4 Hz
A Resolution > 10 bit A Kickback <100 7V

A Timing accuracy <1 ns



Challenges

APerformance

APower dissipation
A <1mW@ 20mK
A ~1W@4K
A 1 W for 1000 qubits?
t 1 mW/qubit

Cooling
power
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Challenges

APerformance
APower dissipation

A Cryogenic technology
A Operate @ 4 K, 20K X
A{ dzLISND2y RdzOUAy3d RSOAOS& ow{CvxX wv[Z {v!L5:

Semiconductors Minimum temp.
SiBJT 100 K
Ge BJT 20 K

SIGeHBT <1K

Most used today

GaAs MESFET <4K

CMQOS 30mKaor below? Very Large Scale Integration
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CrycCMOS Characteris ng
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Objective

Fidelity =

Quantum Processor

1-qubit gate:

Oscillator phase nois¢

Timing accuracy

2-qubit gate:

Voltage drift
Timing jitter
X

Qubit readout:
Amplitude noise

= Power

Electronic Interface
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Rotating a Singielectron Spin Qubit

ASingle electron in magnetic field rotates aroundx3s
ACGLIAOIFE [IFTNXY2N o0WljdzoAG QU FTNBIjdzSyoey
ABYy applying a varying magnetic field rotates around-a§(i¢

ADrive at qubit frequency
ADrive coherent to the qubit

0)t Z

Microwave pulse

f~5GHz 1T 20 GHz



Example; Microwave generation

Room temperature
______________________
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A System modellinghow electronics affect qubits o B e
A Errors in singlgubit gate - f
A Microwave envelope: amplitude / duration ] B
A Microwave carrier:  frequency / phase 2 I = T

LCR || Directional
circ.

Ef |-
Pt
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Courtesy of T. Watson (Vandersypen Lab)
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Specifications for the Inaccuracy

Example:

Infidelity
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1-Qubit Gate Specifications

AExample specifications for F = 99.9% (" -rotation in 500 n}

Frequency

Inaccuracy 125 ppm 11.2 kHz

Oscillator noise 125 ppm 11.2 kHz,s ENBW = 2.47 MH#,(1 MHz) =106 dBc/Hz
Nuclear spin noise 3.6 ppm 1.9kHz,o (T," = 120>s)

Wideband noise 125 ppm 12>V s ENBW =2.85 MHz, S7.12n\k K | 1
Phase

Inaccuracy 125 ppm 0.64

Amplitude 2 mV

Inaccuracy 125 ppm 14.2>V 8-bit resolution

Noise 125 ppm 14.2>5V, o ENBW =1 MHz, PSD=14R K| | = 4QdBw T
Duration 500 ns

Inaccuracy 125 ppm 3.56 ns fs=140 MS/s

Noise 125 ppm 3.56NnSs,¢

FIDELITY 99.9 %
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EXisting Setup

A Microwave Carrier:

Keysight E8267D

A 22.4 kHz resolution
A fl (1 MHz) =106 dBc/Hz
AS=712n\k KI 1

1 mHz

>15 dB better

63nVk K1 1

A > 20 dB attenuation

Room temperature
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Courtesy of T. Watson (Vandersypen Lab)
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